The purpose of the present study was to investigate the distribution pattern of carbo-hydrates in the zona pellucida of human oocytes using lectins and ruthenium red as histochemical probes. For (SBA) did not bind at all. There was almost no binding of ruthenium red to the matrix of the zona pellucida. The results indicate that the human zona pellucida is characterized by normally exposed mannosyl, N-acetylglucosaminyl and \g=b\-galactosyl residues. In addition, it contains masked \g=b\Gal-(1\p=n-\3)GalNAcsugar sequences that can be exposed only after removing terminal sialic acid residues. The presence of sialic acid in the human zona pellucida, which is not expressed as an increase in the binding capacity of the polycationic probe (ruthenium red), has not been reported in any of the mammalian zonae pellucidae previously studied.
Introduction
The mammalian oocyte is surrounded by a transparent, extra¬ cellular coat called the zona pellucida, which plays an important role during fertilization. It restricts interspecies fertilization, induces the acrosome reaction in bound spermatozoa, and assists in establishing the zona block to polyspermy after sperm penetration (Yanagimachi, 1988; Saling, 1989) .
In a wide variety of species studied, the zona pellucida is composed of only a few glycoproteins. It has been suggested that carbohydrate determinants of the zona pellucida glyco¬ proteins are involved in the sperm-egg interaction (Macek and Shur, 1988; Miller and Ax, 1990; Wassarman, 1990) . The most studied mammal in this respect is the mouse, in which the zona pellucida has been shown to consist of three glycoproteins, ZP1, ZP2 and ZP3, each of which presents a unique polypeptide chain and oligosaccharides (Wassarman, 1988) . It has been demonstrated that the sperm-egg interaction in the mouse involves specific sugar residues such as -galactose (Gal) of O-linked oligosaccharides of ZP3 (Bleil and Wassarman, 1988) or N-acetylglucosaminyl (GlcNAc) residues (Miller et al, 1993) serving as sperm-binding sites, and that it also involves the polypeptide chain as an inducer for the acrosome reaction (Florman et al, 1984; Florman and Wassarman, 1987 (Shabanowitz, 1990) ; its amino acid sequence was also analysed (Chamberlin and Dean, 1990 (Oikawa et al, 1973; Rosati et al, 1978; Bolwell et al, 1979; Ahuja and Bolwell, 1983; Barnum and Brown, 1983; Catt et al, 1983; Del Pino and Cabada, 1987; Mori et al, 1989) .
Lectins have been used to characterize the zona pellucida in hamsters, mice and pigs with light and electron microscopes (Nicolson et al, 1975; Dunbar et al, 1980; Wu et al, 1984; Kan et al, 1990) . We analysed the distribution of lectinbinding patterns in various mammalian oocytes with both types of microscope (Shalgi et al, 1991; Skutelsky, et al, 1994 Fig. la) , the common lentil lectin LCA (Fig. lb) , the castor bean lectin RCA-I (Fig. lc) , wheat germ agglutinin (WGA; Fig. id (Fig. le) .
The lectins GS-I, SBA, DBA, UEA-I and PNA did not bind at all to the human oocytes (Fig. 2a) . However, after treatment of the oocytes with neuraminidase, an intense binding of PNA was found to be evenly distributed throughout the zona pellucida (Fig. 2b ).
Ruthenium red labelling
The binding of ruthenium red to the human oocyte was analysed in thin araldite sections using the transmission elec¬ tron microscope. Deposition of ruthenium red was mainly observed as clustered material located in the extracellular matrix surrounding the oocytes (Fig. 3) . A few dispersed clusters staining with ruthenium red also appeared within the perivitelline spaces. However, within the zona pellucida there was no noticeable binding of ruthenium red, except in oc¬ casional granules. There was also no ruthenium red labelling on the plasma membrane of the oocyte.
Discussion
The present study provides evidence that, as in other mam¬ malian species studied, the zona pellucida of the human oocyte is characterized by a high concentration of saccharide residues capable of binding specific lectins.
By using a large selection of lectins as histochemical markers for zona pellucida carbohydrates, and semithin (< 1 µ ) araldite sections for histochemistry with the light microscope we were able to characterize both the chemical nature and the spatial distribution of the different sugar residues throughout the entire thickness of the zona pellucida.
We have recently shown (Skutelsky et al, 1994 ) that the zonae pellucidae of different mammals are characterized by unique lectin-binding patterns, which probably represent species-specific variation in their carbohydrate distribution. The lectin-binding pattern of the human zona pellucida has been found in this study to differ from that of other mammals studied (i.e. the human oocyte also displays a species-specific distribution pattern of carbohydrates).
The most pronounced differences between the human zona pellucida and other mammalian zonae pellucidae studied were in the binding of ConA, LCA, S-WGA and PNA. The binding of ConA and LCA, which was relatively high compared with that of other mammals (Skutelsky et al, 1994) , indicates the presence of a high concentration of D-mannose residues in the human zona pellucida, probably reflecting a high content of asparagine-linked oligosaccharides. On the basis of a sugar competition assay, Mori et al (1989) have suggested that the presence of D-mannose residues on the zona pellucida is important in human fertilization.
LCA was previously shown to bind with high affinity to poly-N-acetyllactosamine-like glycopeptides, which contain an a-L-fucosyl residue attached to the asparagine-linked N-acetylglucosamine (GlcNAc) residue (Kornfeld et al, 1981) . The presence of high quantities of poly-N-acetyllactosamine was indeed demonstrated in sugar chains of porcine zonae pellucidae glycoproteins (Mori et al, 1991; Yurevicz et al, 1991) . The significance of fucosyl residues in human fertiliz¬ ation has also been demonstrated (Huang et al, 1982; Tarn et al, 1990) (Skutelsky el al, 1994) . However, in mice these sites appeared as normally exposed sugars and neuraminidase treat¬ ment did not expose such sites any further. The disaccharide ßGal-(l-3)GalNAc was also shown to appear as a major core sequence in O-linked neutral sugar chains of porcine zona pellucida glycoproteins (Hirano et al, 1993) . However, unlike the human zona pellucida, this sequence in pigs cannot be exposed by neuraminidase, and therefore does not react with PNA (Skutelsky et al, 1994 (Skutelsky et al, 1992) , indicating that, despite the high sialic acid content, the human zona pellucida is not negatively charged.
